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RESUMO 
Este estudo avaliou o efeito da fumaça do cigarro nas propriedades físico-
químicas da estrutura dental e na resistência de união à resina composta utilizando 
diferentes sistemas adesivos, em dois estudos. O objetivo do Estudo 1 foi avaliar a 
influência da exposição à fumaça (20 cigarros/dia, durante 5 dias) e da ciclagem de pH 
(8 dias) na composição química e na dureza superficial e sub-superficial do esmalte 
dental. Foram utilizados 40 fragmentos dentais bovinos (esmalte e dentina), divididos 
em 4 grupos (n=10): Controle– sem nenhum tratamento; CS- exposição à fumaça de 
cigarro; PC- ciclagem de pH; e CS-PC– exposição à fumaça e ciclagem de pH. Após 
os tratamentos, as amostras foram submetidas à análise de Microfluorescência por 
Rx, Fluorescência por Rx e análise de microdureza superficial e sub-superficial. Os 
dados foram submetidos à análise estatística ANOVA e teste de Tukey, além do Teste 
de Fisher para análise de Microfluorescência por Rx (α<0,05). Na microfluorescência, 
observou-se uma maior quantidade dos elementos Cádmio e Níquel, e traços de 
Chumbo e Arsênio para CS e CS-PC. A microdureza superficial e sub-superficial de 
esmalte foi maior para o grupo CS diferindo estatisticamente do grupo controle. Para 
os grupos submetidos à ciclagem de pH, houve menor microdureza, sem diferença 
entre amostras expostas ou não à fumaça de cigarro, e estas diferiram dos grupos 
Controle e CS. No Estudo 2, analisou-se resistência adesiva de restaurações 
realizadas com diferentes sistemas adesivos, através do teste de microcisalhamento 
em esmalte e dentina, sendo o esmalte submetido ou não à exposição à fumaça de 
cigarro. Utilizou-se 80 fragmentos dentais bovinos, divididos em 8 grupos (n=10), de 
acordo com o tipo de adesivo [SBMP- Scotchbond™ Multi-uso (3M ESPE), SB- Single 
Bond 2 (3M ESPE); CSEB- Clearfil SE Bond (Kuraray) e SBU- Single Bond Universal 
(3M ESPE)] e a exposição à fumaça (sem exposição; exposição), previamente à 
realização da restauração com resina [Filtek Z350XT flow (3M ESPE)]. Após o 
microcisalhamento em esmalte, o mesmo foi desgastado até exposição da dentina, e o 
procedimento restaurador foi repetido. Para esmalte, não houve diferença em relação 
à exposição ou não à fumaça de cigarro (p=0,1397), somente entre os sistemas 
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adesivos (p<0,001). CSEB e SBU apresentaram os maiores valores de resistência de 
união, mas ambos diferiram do SB, que apresentou os menores valores. SBMP 
apresentou valores intermediários. Para dentina, os grupos submetidos à fumaça de 
cigarro obtiveram valores de resistência de união menores que os não expostos 
(p<0,001). Para os grupos não expostos à fumaça de cigarro, CSEB apresentou os 
maiores valores diferindo do SBMP. SB e SBU apresentaram valores intermediários. 
Para os grupos expostos à fumaça de cigarro, SBU apresentou os maiores valores 
diferindo de SB e CSEB. SBMP apresentou valores intermediários. Conclui-se que a 
exposição à fumaça de cigarro permitiu a incorporação de metais pesados na 
estrutura dental, aumentou a microdureza do esmalte sem promover efeito no 
processo de desenvolvimento da cárie in vitro, e a fumaça de cigarro diminui a 
resistência de união adesiva para alguns sistemas adesivos em dentina, mas não em 
esmalte. 
Palavras-chave: Resinas compostas; Adesivos dentários; Propriedades físicas; 
Propriedades químicas; Resistência ao cisalhamento. 
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ABSTRACT 
This study evaluated the effect of cigarette smoke on physico-chemical 
properties of enamel and dentin and bond strength to resin composite using different 
adhesive systems. For this, it was divided into two studies. Study 1 evaluated the 
influence of exposure to smoke (20 cigarettes per day for 5 days) and pH cycling (8 
day cycle) in the chemical composition and surface and cross-sectional microhardness 
of dental substrate. 40 bovine dental fragments (enamel and dentin) were allocated 
into 4 groups (n=10): Control- without any treatment, CS- exposure to cigarette smoke, 
PC- pH cycling and CS-PC- exposure to smoke and pH cycling. After that, samples are 
subjected to X–Ray Microfluorescence, X–Ray Fluorescence and surface and cross-
sectional microhardness. It was possible to observe a high amount of Cd and Pb and a 
low amount of Ni and As in dental structure. The enamel surface and cross-section 
microhardness means of CS was statistically higher than the control group. The 
samples exposed to pH cycling (PC and CS-PC) showed lower surface microhardness 
means than the groups not exposed to the cycling (CS and Control), did not differ 
them. Study 2 evaluated the bond strength of composite resin restorations in teeth 
submitted or not to exposure to cigarette smoke. The bond strength was be evaluated 
in both enamel and dentin tissue. A total of 80 bovine dental fragments will be used. 
The fragments are divided into 8 groups (n=10), according to the type of adhesive 
(Scotchbond ™ Multi-Purpose - 3M ESPE; Single Bond 2 - 3M ESPE; Clearfil SE Bond 
– Kuraray; Single Bond Universal - 3M ESPE) and exposure to smoke (no exposure; 
exposure for 5 days, using 1 pack per day) previously to restoration with composite 
resin [Filtek Z250 (3M ESPE)]. After microshear enamel, it has been worn to exposed 
dentin and the restorative procedure was repeated. Data were statistically analyzed 
using ANOVA and Tukey test (p <0.05). For enamel, there was no difference in relation 
to exposure or not to cigarette smoke (p=0.1397), however, there were differences 
among the adhesive systems (p<0.001). CSEB showed higher values and did not differ 
from SBU, but both were statistically different from SB. The SBMP showed 
intermediate values while SB demonstrated lower values. For dentin, specimens 
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subjected to cigarette smoke obtained bond strength values smaller to those not 
exposed to smoke (p<0.001). For the groups without exposure to cigarett smoke, 
CSEB showed higher values, differing from SBMP (lower values). SB and SBU showed 
intermediary values. For the groups with exposure to cigarett, SBU showed higher 
values differing from adhesives SB and CSEB that showed the lower. The adhesive 
SBMP showed intermediate value. It is possible to conclude that the exposure to 
cigarette smoke promoted heavy metal contamination both in surface and in depth, the 
smoke exposure increased the enamel microhardness without promoting an effect on 
the development of caries in vitro and the exposure of the tooth structure to cigarette 
smoke influence on the bonding strength of some adhesive on dentin, but not in 
enamel. 
Keywords: Composite resins; Dentin Adhesive; Physical properties; Chemical 
properties; Shear strength. 
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INTRODUÇÃO  
O tabaco é considerado um dos principais agentes tóxicos da civilização, sendo 
o ato de fumar um processo altamente dinâmico, uma vez que a fumaça produzida 
envolve uma complexa matriz constituída por uma fase gasosa e outra particulada, 
com mais de 3.800 compostos, tendo estes uma influência negativa na cavidade oral 
(Vellapally et al., 2007). 
A fumaça do cigarro é composta por milhares de substâncias tóxicas, como 
monóxido de carbono (CO), amônia (NH3), níquel (Ni), arsênio (As) e metais pesados 
como chumbo (Pb) e cádmio (Cd). A fumaça entra em contato com a superfície dental 
e restaurações, causando alteração de cor, rugosidade superficial e dureza, sendo 
estas consideradas propriedades físicas importantes para o sucesso clínico das 
restaurações (Takeuchi et al., 2011). Além disso, uma correlação tem sido 
demonstrada entre o tabagismo e o aumento da incidência e da severidade da doença 
periodontal e cárie (Fujinami et al., 2011), sendo, portanto, o tabagismo ativo um fator 
de risco conhecido para essas doenças, existindo evidências de que a exposição à 
fumaça do cigarro expande a área desmineralizada por cárie (Fujinami et al., 2011). 
Também tem sido demonstrada uma relação entre crianças fumantes passivas com 
aumento na prevalência de cárie, fato associado ao aumento de S. mutans e S. 
lactobacilli no nível salivar, e a um menor fluxo salivar e menor capacidade tampão da 
saliva (Avşara et al., 2008).  
A exposição do esmalte à fumaça do cigarro faz com que ocorra um aumento 
na sua temperatura, causando alteração da disposição dos cristais de hidroxiapatita e 
também de sua morfologia, aumentando assim sua dureza (Palamara et al., 1987). Na 
dentina, pode causar um colapso ou perda estrutural da porção orgânica, 
enfraquecendo a estrutura, além de alterar o conteúdo inorgânico, diminuindo a 
dureza (Palamara et al., 1987; Takeuchi et al., 2011). Ainda, o chumbo e o cádmio são 
acumulados nos dentes quando expostos à fumaça do cigarro, particularmente na 
superfície do esmalte e na superfície da dentina de acordo com o nível de exposição 
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(Takeuchi et al., 2011), diminuindo a resistência de união a materiais restauradores a 
base de resina (Almeida e Silva et al., 2010). Atualmente, o procedimento mais 
utilizado para o tratamento das lesões de cárie cavitadas são as restaurações 
adesivas. As resinas compostas são os materiais de primeira escolha para esse 
procedimento restaurador direto por apresentarem estética favorável, além de 
permitirem a utilização de preparos cavitários mais conservadores, ou até mesmo a 
ausência desses preparos (Mathias et al., 2010; Alandia-Roman et al., 2012). 
Entretanto, de acordo com relatos, o fumo pode afetar a interação química e mecânica 
entre materiais resinosos e estruturas dentais (Pinzon et al., 2010; Almeida e Silva et 
al., 2010). 
Com o desenvolvimento das técnicas restauradoras na Odontologia surgiram os 
sistemas adesivos, que são utilizados com a finalidade de promover a união entre 
substrato dental e compósitos restauradores (Pashley et al., 2011; Van Meerbeek et 
al., 2011). Um modo de classificação dos sistemas adesivos relaciona-se com o uso 
prévio ou não de condicionamento ácido da estrutura dental (convencionais e 
autocondicionantes). Os adesivos convencionais necessitam do condicionamento 
ácido prévio no substrato dental, seguido da aplicação de um primer e um adesivo que 
podem estar em um mesmo frasco (2 passos) ou em frascos separados (3 passos). 
Os adesivos autocondicionantes não requerem condicionamento ácido prévio, e o 
ácido, primer e adesivo podem ser comercializados em um único frasco (1 passo) ou 
em dois frasco (2 passos), tendo a vantagem de simplificar o número de 
procedimentos clínicos (Peumans et al., 2005; Manuja et al., 2012). 
 Contudo, a interface de união entre substrato e adesivo permanece como a 
área mais susceptível quando exposta ao meio bucal. Esta interface dente-
restauração, conhecida como camada híbrida, é constituída por uma rede de 
microinfiltrações adesivas, que após polimerizadas, tornam-se rígidas, possibilitando a 
retenção micromecânica da restauração. A durabilidade da adesão entre restauração 
e substrato dental é importante para a longevidade e o sucesso clínico das 
restaurações adesivas (Manuja et al., 2012). Frequentes achados clínicos demonstram 
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que a exposição dessa interface aos desafios do meio bucal causa a deterioração da 
camada híbrida devido a uma variedade de fatores físicos e químicos, incluindo a 
hidrólise e degradação enzimática do colágeno dentinário exposto (Breschi et al., 
2007). Isto pode interferir na cor e provocar desadaptações marginais causando 
assim, perda de retenção da restauração ao substrato dental, infiltração marginal e 
desenvolvimento de lesão de cárie secundária (Breschi et al., 2007; Manuja et al., 
2012). 
Há pouca informação, até o momento, sobre até que ponto a incorporação de 
metais pesados e outras substâncias encontradas no fumo do cigarro podem 
influenciar na adesão dos materiais restauradores adesivos ao esmalte e à dentina, 
interferindo, assim, na durabilidade e no sucesso clínico destas restaurações. Há 
estudos demonstrando que as partículas da fumaça do cigarro, por possuírem um 
diâmetro reduzido, são capazes de serem absorvidos pela hidroxiapatita podendo 
reduzir o contato entre adesivo e dentina, diminuindo assim, os valores resistência de 
união (Almeida e Silva et al., 2010; Manuja et al., 2012). 
Sendo assim, o objetivo deste trabalho foi verificar se a fumaça do cigarro 
modifica a composição do esmalte e da dentina e suas propriedades mecânicas e se 
essas alterações interferem na adesão de diferentes adesivos (convencionais e 
autocondicionantes), entre os substratos dentais e restaurações adesivas. Para isto, o 
mesmo, foi dividido em dois estudos. O objetivo do estudo 1 foi avaliar a influência da 
exposição à fumaça (20 cigarros/ dia, durante 5 dias) e da ciclagem de pH (8 dias) na 
composição química, através dos testes de Microfluorescência por Raios - X (µ-XRF) e 
Fluorescência por Raios – X (XRF), e na dureza superficial e sub-superficial do 
esmalte dental. O estudo 2 analisou a resistência adesiva de restaurações de 
compósito dental realizadas com diferentes sistemas adesivos, através do teste de 
microcisalhamento em esmalte e dentina, submetidos ou não à exposição à fumaça de 
cigarro.  
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CAPÍTULO 1 
Effect of cigarette smoke and pH cycling on enamel on physical and 
chemical properties 
 
ABSTRACT 
Objective: To evaluate the influence of exposure to cigarette smoke and pH 
cycling in the chemical composition and surface and cross-sectional microhardness of 
enamel tissue. Methods: 40 dental blocks obtained of incisor bovine were divided in 
four groups (n=10) according to the treatments: (Control) no treatment; (CS) exposure 
to cigarette smoke (1 pack of cigarettes by day for 5 days); (PC) exposure to pH 
cycling (8 day); and (CS-PC) exposure to both cigarette smoke and pH cycling. After 
that, samples are subjected to X–Ray Microfluorescence, X–Ray Fluorescence and 
surface and cross-sectional microhardness. The results of superficial microhardness 
were submitted to statistical analysis ANOVA and Tukey test (α=0.05). For cross-
sectional microhardness were used two-way split-plot ANOVA and Tukey test (α=0.05). 
For µ-XRF and/or XRF test, Fisher´s exact test was used (α=0.05). Results: It was 
possible to observe a high amount of Cd and Pb and traces of Ni and As in dental 
structure after exposure to cigarette smoke (CS and CS-PC). The enamel surface and 
cross-sectional microhardness of CS was statistically higher compared to control 
group. The samples exposed to pH cycling (PC and CS-PC) showed lower surface 
microhardness than the groups not exposed to the pH cycling (CS and Control) these 
groups were similar to each other. Conclusion: Enamel exposure to cigarette smoke 
promoted heavy metal deposition both in surface and depth, include dentin. In addition, 
cigarette smoke exposure increased the enamel microhardness but did not promote a 
protective effect on the development of caries in vitro. 
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INTRODUCTION 
Tobacco is one of the main toxic agents of civilization, and smoking is a highly 
dynamic process involving a complex matrix consisting of both a gas phase and a 
particulate phase with more than 3,800 compounds which have negative effect on the 
oral tissues (Vellapally et al., 2007; Borgerding et al. 2005). Cigarette smoke is 
composed by thousands of toxic substances, such as carbon monoxide (CO), 
ammonia (NH3), nickel (Ni), arsenic (As), and heavy metals including lead (Pb) and 
cadmium (Cd). There is a significant correlation between smoking and increased 
incidence of periodontal disease and caries (Fujinami et al., 2011). Active smoking is a 
known risk factor for these diseases, once there is evidence that the exposure to 
cigarette smoke expands the demineralized area (Fujinami et al., 2011). It has also 
been shown a relation between passive smoking and increased prevalence of dental 
caries in children, which is associated with an increase in salivary levels of S. mutans 
and S. lactobacilli, lower salivary flow rate and lower buffering capacity of the saliva 
(Avşar et al., 2008). The pH cycling models simulating dental caries process usually 
aims to evaluate the effect of F on the reduction of enamel demineralization and 
enhancement of remineralization (Queiroz et al., 2008). However, it was not found in 
literature any study that linked the changes in tooth structure caused by smoking with 
the carious challenge. 
The exposure of tooth enamel to cigarette smoke leads to an increase in its 
temperature, changing the arrangement of hydroxyapatite crystals and its morphology, 
thereby increasing its hardness. In dentin, the cigarette smoke can cause collapse or 
structural loss of the organic portion, weakening the structure, in addition to changing 
the inorganic portion, decreasing hardness (Takeuchi et al., 2011).  
Based on that the exposed, the aim of this study is to evaluate whether the 
cigarette smoke and pH cycling modifies the enamel structural composition and affects 
the enamel microhardness. The null hypothesis is that cigarette smoke does not affect 
the composition and microhardness of dental structure.  
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METHODS AND MATERIALS  
Sample preparation: 
 40 bovine incisors were obtained and were stored in a 0.1% thymol buffered 
solution. The coronary portion was separated from the root with double-faced diamond 
disc (KG Sorensen Ind. Com Ltda, Barueri, SP, Brazil). Forty enamel/dentin blocks with 
surface area of 25mm2, 3 mm of height/thickness with 1 mm enamel were obtained 
using a metallographic cutting machine (Isomet 1000, Buehler) with diamond disc (4 "× 
012 × 1/2, Buehler, Illinois, USA). The surface of enamel was planned by using silicon 
carbide abrasive paper (SiC), of 600 and 1200 granulation under constant irrigation, 
using a polishing machine (AropolE Arotec, Cotia, SP, Brazil) and polished with felt 
disks (Arotec, Cotia, SP, Brazil) and diamond pastes (1, 1/2 and 1/4 µm), with the 
specific lubricant (Arotec). Samples were ultrasonically cleaned (Marconi, Piracicaba, 
SP, Brazil) for 15 min, between each application of abrasive paper and felt and at the 
end of the polishing. Samples were stored in artificial saliva until use at 37 °C. 
The samples randomly were divided in four groups (n=10) subjected to the 
following treatments: (Control) no treatment; (CS) exposure to cigarette smoke; (PC) 
exposure to pH cycling; and (CS-PC) exposure to both cigarette smoke and pH cycling. 
Changes in structural composition of enamel by the exposure to cigarette smoke were 
assessed, as well as the effect of pH changes through pH cycling on the surface and 
CSMH enamel structure.  
Exposure to cigarette smoke: 
 Groups CS and CS-PC (n=10) used the smoke machine developed by the 
Department of Restorative Dentistry, Operative Dentistry Area, Piracicaba Dental 
School – University of Campinas - 2011 (registered under # 01810012043 INPI - 
National Institute of Industrial Property). The cycle is scheduled in a time interval, 
which simulates the smoke aspiration usually performed by a smoker with duration of 3 
s. The temporizer allows the ambient air to be inhaled every 10 s, thus simulating 
smoke exhaustion and subsequent elimination. Each specimen was subjected to 
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smoke from 20 cigarettes (Marlboro - Philip Morris Brazil Ind. e Com., Santa Cruz do 
Sul, RS, Brazil) per day, for a total of 5 days (Bertoldo et al., 2011). In the interval 
between a simulation and another, the samples were stored in artificial saliva at 37 ° C, 
and every 24 h the samples were washed with distilled water, and reimmersed in fresh 
solution of artificial saliva to prevent sedimentation (Bertoldo et al., 2011). Prior to 
exposure of the samples to cigarette smoke, all samples were isolated with acid 
resistant varnish (Colorama, São Paulo, Brazil), with the exception of the polished 
enamel area. 
pH Cycling: 
 The samples of Groups PC and CS-PC were subjected to pH cycling for 8 days, 
thereby simulating a cariogenic challenge, as described by Moi et al., (2008). The cycle 
consisted of enamel immersion in a demineralizing solution for 4 h followed by 
immersion in a remineralizing solution for 20 h. Samples were previously isolated with 
acid-resistant varnish (Colorama, São Paulo, Brazil) and then individually immersed in 
75 ml demineralizing solution (3 mL/mm2) (Queiroz et.al, 2008) at 37 oC (0.1 M acetate 
buffer ; 1.28 mM Ca, 0.74 mM Pi e 0.03 μgF/mL (pH = 5.0). After 4 h, the samples 
were washed with deionized water for 30 s, and dried with absorbent paper. The 
individual samples  were immersed in 37.5 mL  of remineralizing solution (1.5 mL/mm2) 
at 37 oC (1.5 mM Ca, 0.9 mM Pi, 150 mM KCL, 0.05 µg F/mL, 0.1M Tris buffer (pH = 
7.0)) (Queiroz et.al, 2008). 
Analysis of enamel surface and cross-sectional microhardness: 
The microhardness test were carried out to all groups to evaluate 
demineralization and changes on enamel surface after exposition to cigarette smoke 
and pH cycling was obtained by the arithmetic mean of 5 indentations in the central 
region of the specimen, with a microhardness tester (Knoop indenter, 50 g, 5 s) and 
100 µm of distance between each indentation. 
 For the cross-sectional microhardness evaluation (CSMH), the samples were 
sectional in half using a cutter metallographic high precision, whereas one half was 
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embedded under controlled pressure in a thermoplastic resin for CSMH test (Arotec 
Pre 30, Cotia, SP, Brazil), and other was submitted a X-Ray Microfluorescence test. 
The surface was flattened using Sic abrasive paper, 600 and 1200 grit under constant 
irrigation, using a polishing machine. Finally, the surface was polished with felt disks 
(TOP, RAM and SUPRA - Arotec, Cotia, SP, Brazil) and metallographic diamond 
pastes (1, 1/2 and 1/4 µm), with the specific lubricant. Samples were ultrasonically 
clean for 15 minutes, between each application of sandpaper and felt and at the end of 
the polishing step to remove debris present on the surface of enamel and dentin. The 
enamel CSMH was carried out at 10, 20, 40, 60, 80, 100, 120, 140, 160, 180 e 200 μm 
depth (Cara, et al., 2014 modified). In each depth, three indentations were performed 
with a load of 50 g for 5 s and 100 µm distance between them. The final microhardness 
for each depth was the arithmetic mean of three indentations. 
The values of surface microhardness loss (SML) were calculated by the formula: 
% SMHL = [(SHM baseline – SMH Final) / SHM baseline] * 100 
X-Ray Microfluorescence  
X-Ray Microfluorescence (μ-XRF) measurements were performed at LNLS 
(Brazilian Synchrotron Light Laboratory - Campinas-Brazil). The experiments were 
done at atmospheric pressure and environment temperature. The configuration of 
experimental setup developed for the µ-XRF experiments includes: the source (storage 
ring) which provides an intense White (polychromatic) X-Ray Beam of 16 KeV in 
energy which photon flux is at the range of 3.9x1010 to 2.31x1011 photons/sec, the 
micro focusing system based in: a rotation/ translation sample stage that contains three 
motors (x, y, z direction) driven by stepping motors in order to focalize the X-Ray beam 
from the Synchrotron source, a sample chamber that can be evacuated in order to 
avoid the attenuation of fluorescent X-Rays and to suppress the scattered radiation by 
the air, two elliptic non plane Kirkpatrick-Baez (KB) mirrors, a microscope and an 
Energy X-ray Dispersive Si (Li) Transmission Detector that additionally contained an 
array of Aluminum foils in order to reduce the abundant fluorescence of the matrix 
elements (Calcium in this case). The elliptic micro beam obtained had the following 
9 
 
dimensions: 18 μm (major axis) and 9μm (minor axis) allowing focusing at sample 
position, with a working distance of about 0.1 m (Pérez, et al., 1999; Janssens, et al., 
2000). 
The μ-XRF analyses were done in order to determine the composition of the 
elements Lead (Pb), Nickel (Ni), Cadmium (Cd), and Arsenic (As) in our samples. The 
measure time in order to mapping (scanning map in zig-zag) the samples was between 
3 and 6 hours. The X-Ray 2-D maps (Qualitative analysis) were built by the program 
PyMca 4.7. The number of points (spectra) per map was between 3000-4000. The 
Semi-Quantitative analyses were also performed by the program PyMca 4.7 using the 
Fundamental Parameters Method. 
X-Ray Fluorescence (XRF)  
The XRF measurements were performed in the Minipal 4.0-Panalytical EDXRF 
spectrometer at Analytical Central of the São Carlos Chemistry Institute-São Paulo 
University (IQSC-USP) in Helium atmosphere and ambient temperature, analysis time 
= 420 s, analysis procedure by Omniam software based in Fundamental Parameters. 
XRF measurements were performed in order to correct the concentrations obtained in 
the μ-XRF analyses for Cadmium and Nickel because the array of filters used at LNLS, 
used in order to minimize the abundant XRF fluorescence of Calcium, affected the 
concentration determined for these elements. 
Statistical Analysis 
The superficial microhardness data were subjected to repeated measures 
ANOVA and Tukey´s test (α = 0.05). For sub-superficial microhardness data, two-way 
split-plot ANOVA and Tukey test were used (α = 0.05). For μ-XRF and/or XRF test, 
Fisher's exact test was used (α = 0.05). 
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RESULTS 
 Figures 1 and 2 correspond to the qualitative analysis by X-Ray 
Microfluorescence of enamel/dentin interface (ED) and enamel surface (ES), 
respectively, of the samples exposed to cigarette smoke (CS), through images two–
dimensional. It is possible to observe calcium matrix (Figure 1b and 2b), and the 
presence of elements from cigarette smoke as Cd, Ni, Pb, and As, which were 
absorbed by dental structure (Figure 1 and 2 c, d, e, and f).  It was not possible to 
obtain images that represent this heavy metals for the control and PC groups, 
be0cause they were not detected in samples that not exposed to cigarette smoke. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: X–Ray Microfluorescence analysis enamel/dentin interface exposed to cigarette smoke. (a) 
Enamel/dentin block sectioned; Elements: (b) Calcium (Ca); (c) Cadmium (Cd); (d) Nickel (Ni); (e) Lead (Pb); (f) 
Arsenic (As); (g) Overlap images by Calcium (Ca) and Cadmium (Cd); (h) Overlap images Calcium (Ca) and Nickel 
(Ni); (i) overlap images Calcium (Ca) and lead (Pb). 
 
 
(a) (b) (c) (d) (e) (f) 
(i) (h) (g) 
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Figure 2: X–Ray Microfluorescence Analysis enamel surface exposed to cigarettee smoke. (a) Enamel 
surface; Elements: (b) Calcium (Ca); (c) Cadmium (Cd); (d) Nickel (Ni); (e) Lead (Pb); (f) Arsenic (As); (g) overlap 
images by Calcium (Ca) and Cadmium (Cd); (h) overlap images by Calcium (Ca) and Nickel (Ni); (i) overlap images 
by Calcium (Ca) and Lead (Pb); (j) overlap images by Calcium (Ca) e Arsenic (As). 
 Figures 3 and 4 correspond to the qualitative analysis by X-Ray 
Microfluorescence of enamel/dentin interface (ED) and enamel surface (ES), 
respectively, of the samples exposed to cigarette smoke and pH cycling (CS-PC), 
through two–dimensional images. It´s possible to observe calcium matrix (Figure 3 and 
4b), and the presence of elements in cigarette smoke as Cd, Ni, Pb, and As, that were 
absorbed by dental structure (Figure 3 and 4 c, d, e, and f). 
 
 
 
 
 
(a) (b) (c) (d) (e) (f) 
(i) (h) (g) (j) 
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(a) (b) (c) (d) (e) (f) 
(i) (h) (g) (j) 
  
 
 
 
 
 
 
 
 
Figure 3: X-Ray Microfluorescence Analysis enamel surface exposed to cigarette smoke and pH cycling. 
(a) Enamel/dentin block sectioned; Elements: (b) Calcium (Ca); (c) Cadmium (Cd); (d) Lead (Pb); (e) Nickel (Ni); (f) 
Arsenic (As); (g) overlap images by Calcium (Ca) e Cadmium (Cd); (h) overlap images by Calcium (Ca) e Lead (Pb); 
(i) Overlap images by Calcium (Ca) e Nickel (Ni); (j) overlap images by Calcium (Ca) e Arsenic (As). 
 
 
 
 
 
 
 
 
 
 
Figure 4: X-Ray Microfluorescence Analysis enamel surface exposed to cigarette smoke and pH cycling. 
(a) Enamel surface; Elements: (b) Calcium (Ca); (c) Cadmium (Cd); (d) Lead (Pb); (e) Nickel (Ni); (f) Arsenic (As); 
(g) overlap images by Calcium (Ca) e Cadmium (Cd); (h) overlap images by Calcium (Ca) and Nickel (Ni); (i) 
Overlap images by Calcium (Ca) and Arsenic (As); 
(a) (b) (c) (d) (e) (f) 
(i) (h) (g) 
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Figure 5 and 6 correspond to the semi–qualitative analysis by X–Ray 
Microfluorescence of enamel/dentin interface (ED) and enamel surface (ES), 
respectively, of the samples exposed to cigarette smoke (CS). A more homogeneous 
distribution of the elements is observed Nickel (Ni) and Cadmium (Cd) that the 
elements arsenic (As), lead (Pb), the low level of the last two (tens of ppm). 
 
 
 
 
 
 
 
 
 
 
Figure 5:  X – Ray Microfluorescence analysis enamel/dentin interface exposed to cigarette smoke only. 
Semi-quantification of the elements: (a) Cadmium (Cd); (b) Lead (Pb); (c) Nickel (Ni); (d) Arsenic (As). 
 
 
 
 
 
Cd Pb 
Ni As 
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Figure 6: X–Ray Microfluorescence analysis enamel surface exposed to cigarette smoke only. Semi-
quantification of the elements: (a) Cadmium (Cd); (b) Lead (Pb); (c) Nickel (Ni); (d) Arsenic (As). 
 Figures 7 and 8 correspond to the semi–qualitative analysis by X–Ray 
Microfluorescence of enamel/dentin interface (ED) and enamel surface (ES), 
respectively, of the samples exposed to cigarette smoke and pH cycling (CS-PC). A 
more homogeneous distribution of the elements is observed Nickel (Ni) and Cadmium 
(Cd) that the elements arsenic (As), lead (Pb), the low level of the last two (tens of 
ppm). 
 
 
 
 
 
Cd Pb 
Ni As 
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Figure 7: X–Ray Microfluorescence analysis enamel/dentin interface exposed to cigarette smoke and pH 
cycling. Semi-quantification of the elements: (a) Cadmium (Cd); (b) Lead (Pb); (c) Nickel (Ni); (d) Arsenic (As). 
 
 
 
 
 
 
 
 
 
 
Figure 8: X–Ray Microfluorescence analysis enamel surface exposed to cigarette smoke and pH cycling. 
Semi-quantification of the elements: (a) Cadmium (Cd); (b) Lead (Pb); (c) Nickel (Ni); (d) Arsenic (As). 
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The Table 1 shows the results obtained by μ-XRF and XRF using the 
Fundamental Parameter method: 
Table 1: Concentration (ppm) of Nickel, Arsenic, Cadmium, and Lead obtained in µXRF and 
XRF analyses. 
Distinct letters (capital case in the in the column) are statistically different (p< 0.05) for the same group. * indicated 
that there was statistical difference between groups for the same surface. Enamel surface (ES); Enamel/dentin (ED). 
No data values of heavy metals was detected in the control and PC groups. 
Fisher exact test was applied (α = 0.095, assuming normal distribution) 
and found significant differences in the concentrations obtained for Nickel and 
Cadmium in the samples. There were no differences in the concentrations for As 
and Pb between the groups presented in Table 1 (p <0.05). However, for Cd 
element, the groups showed significant differences in concentrations between 
the enamel surface (ES) and the interface enamel/dentine (ED) regardless of 
exposure to pH cycling or not (CS and CS-PC), in which ES showed higher 
Sample 
Code 
 Ni As Cd Pb 
 
(CS) 
ED 
 
192 ±11 A 
 
4 ±4 A 
 
413 ±38 B 
 
17 ±16 A 
 
(CS) 
ES 
 
213 ±13 A 
 
3 ±3 A 
 
683 ±81 A 
 
15 ±13 A 
 
(CS-PC) 
ED 
 
238 ±14 A* 
 
4 ±3 A  
 
506 ±53 B* 
 
17 ±15 A 
 
(CS-PC) 
ES 
 
228 ±9 A* 
 
5 ±5 A 
 
752 ±123 A* 
 
28 ±25 A 
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concentration than ED. However, regardless of tested area of the sample, group 
submitted to cycling PH (CS-PC) had a higher incorporation of Ni and Cd metals than 
the CS group. 
Table 2: Enamel surface microhardness results (means, S.D). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means (S.D.) Distinct letters (capital case in the horizontal and lowercase in the column) are statistically different (p< 
0.05). 
The initial microhardness values did not differ statistically among groups. After 
treatments, the enamel surface microhardness of the group exposed to cigarette 
smoke (CS) was statistically higher than the control group. The samples exposed to pH 
cycling (PC and CS-PC) showed lower surface microhardness means than the groups 
not exposed to the cycling (CS and Control), and they did not differ between 
themselves (Table 2). 
 
 
Group Baseline After Treatment %SML 
Control 330.7 (13.6) Aa 344.2 (7.4) Ab -4.2 (4.7) 
CS 332.3 (12.8) Ba 391.1 (36.5) Aa -18.0 (13.6) 
 
PC 
 
331.0 (10) Aa 159.1 (8.9) Bc 51.9 (2.3) 
 
CS-PC 
 
330.5 (10.1) Aa 152.6 (11.1) Bc 53.8 (3.5) 
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Table 3: Enamel cross-sectional microhardness results (means, S.D.). 
Means (S.D.) Distinct letters (capital case in the horizontal and lowercase in the column) are statistically different (p< 
0.05). 
Enamel cross sectional microhardness of the group exposed to cigarette smoke 
(CS) was statistically higher than the control group at the depth of 10, 40, 60, 80, 100, 
140, 160, and 180 µm. The samples exposed to pH cycling (PC and CS-PC) showed 
lower sub-surface microhardness means than the groups not exposed to the cycling 
(CS and Control). 
 
DISCUSSION 
Deph Control CS PC CS – PC 
10 µm 407.2 (61.9) Ba 474.8 (49.8) Aa 252.2 (52.1) Ca 172.1 (36.5) Da 
20 µm 414.1 (69.1) Aa 476.8 (54.5) Aa 257.9 (25.2) Bab 220.0 (35.6) Bb 
40 µm 424.2 (64.7) Ba 494.4 (51.8) Aa 282.4 (14.0) Cab 294.0 (31.9) Cc 
60 µm 424.6 (61.4) Ba 493.8 (58.7) Aa 278.5 (29.2) Cab 306.6 (23.1) Cc 
80 µm 409.0 (61.4) Ba 484.3 (72.7) Aa 286.8 (35.7) Cab 312.7 (20.0) Cc 
100 µm 415.1 (61.6) Ba 481.3 (61.9) Aa 295.0 (28.1) Cb 310.3 (35.0) Cc 
120 µm 410.5 (63.5) Aa 479.5 (72.4) Aa 285.2 (23.2) Bab 308.3 (27.7) Bc 
140 µm 407.4 (74.0) Ba 482.6 (62.6) Aa 268.7 (36.2) Cab 291.6 (22.8) Cc 
160 µm 416.8 (71.4) Ba 481.8 (53.1) Aa 285.7 (19.8) Cab 313.7 (33.1) Cc 
180 µm 404.4 (70.0) Ba 481.7 (55.7) Aa 289.6 (14.0) Cab 295.3 (24.7) Cc 
200 µm 410.5 (69.2) Aa 468.3 (64.1) Aa 282.3 (13.9) Ba 302.8 (27.1) Bc 
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 In this study, it was able to detect elements presents in extremely low 
quantities using of synchrotron radiation (SR) at trace analyzes X–Ray 
Microfluorescence (µXRF) due the high sensitive of the device, which presents intrinsic 
characteristics such as high intensity, natural polarization and collimation of the Rx 
beam. These characteristics make possible the detection of elements in several orders 
of magnitude compared to conventional source (XRF) (Pérez et al., 2004). This 
analytical technique provides information about the chemical composition of sample. 
When the X-ray impinges on the sample, it interacts via photoelectric effect with the 
surface of the material that emits radiation characteristic of the atoms present in the 
sample. This emitted radiation is called X-ray fluorescent radiation and it is specific for 
each chemical element. The fluorescent X-rays emitted by the material are collected by 
a solid-state detector and when associated with a multichannel analyzer it produces a 
spectrum that involves the X-ray characteristic intensity (number of counts per second) 
of each chemical element and its energy (Pérez et al., 2011).  
 Nevertheless, it was necessary to use a less sensitive additional analysis by 
Monipal 4 spectrometer (PANalytical's PERSIMMON the IQSC) to confirm the semi-
quantitative data obtained from Microfluorescence for elements Cd and Ni. Because 
the quantity of cadmium was overestimated (Figures 5, 6, 7, and 8) due to the 
proximity of the line emission XRF (μ = 3.130 keV) with the calcium line emission (μ= 
3.690keV), and Nickel underestimated due to the need to use filters aluminum (Al) to 
reduce the effect matrix caused by the amount high of major element, calcium, in the 
sample. The Ni line emission is approximately 7.4 Kev, while Ca is near 3.7 Kev so 
when two electrons of Ca shocked simultaneously at the detector the same interprets 
as a Ni. In principle, the amount of Ni, was overestimated, but as stated earlier, due to 
the use of filters aluminum to block Ca, Ni, also ends up being barred. However, As 
and Pb have distant emission line of Ca. Thus, the amount of these elements detected 
by X–Ray Microfluorescence Synchrotron radiation is reliable. 
Representative images of these elements (Figures 1, 2, 3, and 4) were 
obtained from these spectrums. It is possible to verify the presence of heavy metals 
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Cd, Pb, Ni, and As, from cigarette smoke (Haussmann, 2012). These results reinforce 
the data obtained by Takeuchi et al., (2011), which also found similar results by EDS 
analysis (Energy Dispersive X-ray analysis). Nevertheless, the technique used in this 
present study is highly specific when compared with EDS analysis, because the µXRF 
promote a numerous analysis of points for each sample. There wasn´t studies that 
evaluated the maximal heavy metals concentration that the tooth structure could 
absorb. 
Corroborating with the present study, Malara et al, (2004) and Malara et al, 
(2006) reported that deciduous teeth of passive smoker children exhibited higher lead 
and cadmium content and higher values of Pb/Ca and Cd/Ca ratios, which indicated 
significant accumulation of these metals, when compared to deciduous teeth of non-
passive smoking children. However, none of these studies were correlated with the 
incorporation of heavy metals with greater susceptibility to the caries development.  
 The present study showed that the incorporation of heavy metals did no alter 
the demineralization process in vitro (Tables 2 and 3). The Groups PC and CS-PC did 
not showed statistical differences between them, so, teeth exposure to smoke showed 
similar hardness that those not exposure to smoke. It is possible to infer that the 
incorporation of heavy metals did not alter the hydroxyapatite structure to increase or 
protect caries development. 
Table 1 showed that the interface of the samples submitted to pH cycling (CS-
PC) had a higher incorporation of Ni and Cd metals compared to the CS group. 
Possibly, the acidic environment favored diffusion of heavy metals of the surface of the 
tooth structure to the inside structure thus increasing their concentration in the interface 
enamel/dentin. However, these incorporation of heavy metals in surface and depth did 
not provide any effect in demineralizing process, once that the groups submitted to pH 
cycling (PC and CS-PC) showed the lower microhardness than the groups control and 
CS (table 2 and 3), without statistical difference between them. 
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In relation to surface and cross-sectional microhardness (Table 3) in the depths 
40, 60, 80, 100, 140, 160, and 180 µm, CS showed the highest values were 
significantly different from the control group showing that the heavy metals 
incorporation increased the microhardness depth of enamel structure, not only having 
a superficial effect. Another factor that can influence the increase in enamel 
microhardness is the increase in temperature in the tooth caused by exposure to 
cigarette smoke. Zhou & Hsiung, 2007 reported that the surface roughness could also 
interfere with this measurement, but in the very early stage because the uniform 
alignment of enamel prisms is more important than the relative orientation between 
prism axis and the indenter. It is assumed that this fact may have occurred due to a 
possible temperature rise on enamel, which, in turn, might have altered the space 
disposition of hydroxyapatite crystals within the enamel or even modified them. 
Palamara et al., (1987) reported that heat is able to modify the crystal morphology. In 
this way, the null hypothesis was rejected, because, the cigarette smoke altered the 
composition and microhardness of dental structure, however, this alterations was not 
sufficient to increase the susceptibility to demineralization by pH cycling. 
 
CONCLUSION 
It was conclude the exposure of tooth structure (enamel) to cigarette smoke 
promoted heavy metal contamination both in surface and in depth. In addition, the 
smoke exposure increased the enamel microhardness without promoting an effect on 
the development of demineralization. 
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CAPÍTULO 2 
Effect of cigarette smoke on enamel and dentin bond strength to 
resin composite using different adhesive systems 
Running Title: Effect of cigarette smoke on bonding strength of system adhesives 
Clinical Relevance: The exposure of the tooth structure to cigarette smoke influenced on the adhesive 
bonding strength in dentin, for some adhesive systems.   
ABSTRACT 
Objective: Objective: To evaluate the microshear bond strength of composite 
resin restorations in dental blocks with or without exposure to cigarette smoke. 
Method: Eighty bovine dental blocks were divided into 8 groups (n=10), according to 
the type of adhesive [Scotchbond ™ Multi-Purpose - 3M ESPE (SBMP); Single Bond 2 
- 3M ESPE (SB); Clearfil SE Bond – Kuraray (CSEB); Single Bond Universal - 3M 
ESPE (SBU)]; and exposure to smoke (no exposure; exposure for 5 days/20 cigarettes 
per day). The adhesive systems were applied to the tooth structure and the blocks 
received a flow- resin composite restoration made using a matrix of 1 mm of height and 
1.15 mm internal diameter. Data were statistically analyzed using ANOVA and Tukey 
test (α<0.05). Results: For enamel, there was no difference between presence or 
absence of cigarette smoke (p=0.1397); however, there were differences among the 
adhesive systems (p<0.001). CSEB showed higher values and did not differ from SBU, 
but both were statistically different from SB. The SBMP showed intermediate values 
while SB demonstrated lower values. For dentin, specimens subjected to cigarette 
smoke presented bond strength values that were lower when compared to those not 
exposed to smoke (p<0.001). For the groups without exposure to cigarette smoke, 
CSEB showed higher values, differing from SBMP. SB and SBU showed intermediary 
values. For the groups with exposure to cigarette smoke, SBU showed values that 
were higher and statistically different from SB and CSEB, which presented lower 
values of bond strength. SBMP demonstrated an intermediate value of bond strength. 
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Conclusion: The exposure of dentin to cigarette smoke influenced the bonding 
strength of some adhesives, but no differences were noted in enamel. 
INTRODUCTION 
Of the development of restorative techniques in Dentistry, adhesive systems 
have stood out for their ability to promote a bond between the tooth structure and 
restorative materials.1, 2 One way of classifying adhesive systems is related to the use 
of acid etching prior to the application of the adhesive (etch-and-rinse and self-etching). 
Although the current adhesive systems have been improved significantly after 
numerous studies, the interface between the substrate and adhesive is the susceptible 
failure when exposed to the oral environment. The tooth-restoration interface, called 
the “hybrid layer”, is formed by a network of adhesive penetration into dentin tubules 
and enamel surface irregularities that becomes rigid when polymerized, allowing for the 
micromechanical retention of a resin restoration. The bonding durability between a 
restoration and tooth substrate is important for the longevity and clinical success of 
adhesive restorations.3 Common clinical findings demonstrate that the exposure of this 
interface to the oral environment may cause the deterioration of the hybrid layer due to 
a variety of physical and chemical factors, including hydrolysis and enzymatic 
degradation of the dentin collagen.4 
Cigarette smoke is composed of more than 5000 constituents, to include carbon 
monoxide, ammonia, nickel, arsenic, and heavy metals such as lead and cadmium.5,6,7 
When cigarette smoke comes into contact with the tooth and restorations, it may cause 
discoloration, surface roughness, and hardness, which are considered important 
mechanical properties for clinical success of all restorations. Moreover, high 
temperatures (55oC) can changes the properties of adhesive resins, such as sorption 
and solubility.5,8 Furthermore, lead and cadmium are accumulated in teeth that are 
exposed to cigarette smoke, particularly on the enamel surface and within the dentin 
according to the exposure level,5 decreasing the bond strength of resin-based 
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restorative materials.9 Therefore, smoking can affect the chemical and mechanical 
interaction between the composite resins and dental structures.10,9 
It is not known the extent in which the substances found in cigarette smoke may 
influence the adhesion of adhesive restorative materials to enamel and dentin, thus 
interfering with the durability and clinical success of these restorations. There are few 
studies in literature that evaluate the bond strength of different adhesive systems to 
dentin, and bond strength of resin-based restorative materials in enamel/dentin 
previously subjected to cigarette smoke. Based on that, the aim of this study is to verify 
the bond strength of different adhesives systems on enamel and dentin submitted to 
cigarette smoke. The null hypothesis of this study is that cigarette smoke does not 
affect the adhesion of system adhesives to dental structures. 
METHODS AND MATERIALS 
For this study, 80 bovine dental blocks were used and divided into 8 groups 
(n=10) (Table1). Prior to the restoration process, half of the samples were exposed to 
cigarette smoke, as described below. 
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Table 1: Experimental groups for the adhesion test in enamel and dentin. 
Blocks 
Enamel and Dentin 
Adhesive System 
Exposure to cigarette 
smoke 
SBMP (n=10) 
Scotchbond™ Multi-Purpose  (3M 
ESPE) 
No 
 SB (n=10) 
Single Bond 2 
(3M ESPE) 
No 
 CSEB (n=10) 
Clearfil SE Bond 
(Kuraray) 
No 
SBU (n=10) 
Single Bond Universal 
(3M ESPE) 
No 
 SBMP - WS (n=10) 
Scotchbond™ Multi-Purpose  (3M 
ESPE) 
Yes 
 SB - WS (n=10) 
Single Bond 2 
(3M ESPE) 
Yes 
 CSEB - WS (n=10) 
Clearfil SE Bond 
(Kuraray) 
Yes 
 SBU - WS (n=10) 
Single Bond Universal 
(3M ESPE) 
Yes 
WS – With Smoke 
Specimen preparation: 
 The bovine incisors were collected, disinfected, and stored in a 0.1% thymol 
buffered solution and distilled water. The crown was separated from the root using a 
double-faced diamond disc (KG Sorensen Ind. Com Ltda, Barueri, SP, Brazil). A 
metallographic cutting machine (Isomet 1000, Buehler, Laike Bluff IL, USA) and 
diamond disc (4 "× 012 × 1/2, Buehler, Illinois, USA) were used to obtain enamel/dentin 
blocks with a bonding surface area of 25mm2, 3 mm long and having a 1 mm enamel 
thickness. The enamel surface was ground using # 600 and # 1200 grit silicon carbide 
(SiC) abrasive papers under constant irrigation in a polishing machine (Arotec, Cotia, 
SP, Brazil). The specimens were then polished with felt disks (Arotec, Cotia, SP, 
29 
 
Brazil) and diamond pastes (1, ½  and 1/4 µm), with the specific lubricant (Arotec). 
Samples were placed in an ultrasonic tub (Marconi, Piracicaba, São Paulo, SP, Brazil) 
for 15 minutes, between each application of sandpaper and felt and at the end of the 
polishing procedures. All samples were stored in distilled water at 37 °C until use. 
Exposure to cigarette smoke: 
 A smoke machine developed by the Department of Restorative Dentistry, 
Piracicaba Dental School – UNICAMP - 2011 (registered under # 01810012043 INPI - 
National Institute of Industrial Property) was used to expose groups SBMP - WS, SB - 
WS, CSEB – WS, and SBU - WS (n=10) to cigarette smoke. The cycle was scheduled 
on a time interval, simulating the smoking behavior usually performed by a smoker, 
with the smoke remaining in contact with the specimens for 3 s. The machine allows for 
the ambient air to be inhaled every 10 s, thus simulating smoke inhalation and 
subsequent elimination. The specimens were subjected to smoke from one pack of 
Marlboro cigarettes (Philip Morris Brazil Ind. e Com., Santa Cruz do Sul, RS, Brazil) 
per day, for a total of 5 days.11 In the interval between one simulation and another, the 
samples were stored in artificial saliva (1.5 mM Ca, 0.9 mM Pi, 150 mM KCL, 0.05 µg 
F/mL, 0.1M Tris buffer (pH = 7.0) at 37 °C, and every 24 hours the samples were 
washed with distilled water, and re-immersed in a fresh solution of artificial saliva to 
prevent sedimentation.11,12 Prior to exposure of the samples to cigarette smoke, all 
samples were isolated with acid resistant varnish (Colorama, São Paulo, Brazil), with 
the exception of the polished enamel area. The artificial saliva for all of the groups 
(exposed and not exposed to smoke) was changed daily. 
Microshear Strength Test: 
 Four types of adhesive systems were tested: 1) 3-step etch-and-rinse adhesive 
system [Scotchbond™ Multi-Purpose (3M ESPE, Saint Paul, MN, USA)]; 2) 2-step 
etch-and-rinse adhesive system [Single Bond 2 (3M ESPE)]; 3) two-step self-etching 
system [Clearfil SE Bond (Kuraray Medical Inc., Okayama, Japan)]; and 4) one step 
self-etching system [Single Bond Universal (3M ESPE)]. These adhesive systems were 
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applied to the tooth structure according to the manufacturer’s recommendations (Table 
2), and subsequently, the enamel and dentin blocks received a composite resin 
restoration [Filtek Z350XT Flowable (A3 shade, Lot: N495761,3M ESPE)], using a 
matrix of perforated pasta (Furadinho 6, Pastifício Santa Amália, Machado, Minas 
Gerais, Brazil) that was 1 mm in height and with a 1.15 mm internal diameter. All 
enamel surfaces were etched using phosphoric acid 35% (Ultra EtchTM – Ultradent 
Products Inc, South Jordan, UT, USA) for 30 s. The photoactivation of the composite 
was performed using a third generation LED source (VALO-Ultradent) at high power 
mode, with a irradiance of 1400 mW/cm2 for 20 s. 
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Table 2: Instructions for use of adhesives according to manufacturers.  
Adhesive 
System 
Manufacture instructions Composition  
Scotchbond™ 
Multi-Purpose  
 (3M ESPE) 
Etching enamel and dentin surface with phosphoric 
acid 35% for 30 and 15 s, respectively. Water-rinsing twice 
as long the etching and dry carefully following the wet – 
bonding technique. Apply the primer to enamel and dentin 
and dry gently for 5 s (no waiting). Surface will appear 
shiny. Apply the adhesive to enamel and dentin and dry 
gently for 5 seconds. Light-curing for 10 s.  
PRIMER: Water; 2-Hydroxyethyl 
Methacrylate (HEMA); Copolymer 
Of Acrylic And Itaconic Acids 
BOND: Bisphenol-a Diglycidyl Ether 
Dimethacrylate (Bis-GMA); 
 HEMA; Triphenylantimony 
 
Single Bond 2 
 (3M ESPE) 
Etching enamel and dentin surface with phosphoric 
acid 35% for 30 and 15 s, respectively. Rinse for 10 s. Blot 
excess water using a cotton pellet or mini-sponge. Do not 
air dry. The surface should appear glistening without 
pooling of water. Immediately after blotting, apply 2 
consecutive coats of adhesive for 15 seconds with gentle 
agitation using a fully saturated applicator. Gently air thin for 
5 seconds to evaporate solvent. Light-curing for 10 s.  
Ethyl Alcohol and Water; Bis-GMA; 
Silane Treated Silica (Nanofiller); 
HEMA; Copolymer  Of  Acrylic And 
Itaconic Acids; Glycerol 1,3-
Dimethacrylate;  Water; Diurethane 
Dimethacrylate (UDMA); 
Diphenyliodonium 
Hexafluorophosphate; Ethyl 4-
Dimethyl Aminobenzoate (EDMAB) 
 
Clearfil SE 
Bond  
(Kuraray) 
Active application the primer for 20 s. Dry gently air. 
Apply the bond, dry gently air and light-curing for 10 s. 
Etching enamel surface with phosphoric acid 35% for 30s, 
previous by to this application of adhesive. 
PRIMER: 10-Methacryloyloxydecyl 
dihydrogen phosphate (10-MDP) 
Hydrophilic aliphatic dimethacrylate; 
dl-Camphorquinone (CQ); Water; 
BOND: 10-MDP, Bis-GMA, HEMA, 
CQ, Hydrophobic Dimethacrylate; 
N,N-Diethanol P-Toluidine; Colloidal 
Silica 
 
Single Bond 
Universal  
(3M ESPE) – 
self-etching 
method 
Apply the adhesive for 20 s. Dry gently air for 5 s and 
light-cure for 10 s. Etching enamel surface with phosphoric 
acid 35% for 30s, previous by to this application of 
adhesive. 
10-MDP; Dimethacrylate resins; 
HEMA; Vitrebond 
TM
 Copolymer; 
Filler, Ethanol; Water; Initiators; 
Silane  
 
 
The microshear test was carried out using the universal testing machine, EZ 
Test-L (Shimadzu Corporation, Tokyo, Japan), at a speed of 0.5 mm/minute. The 
microshear bond strength results were given in Mega Pascal (MPa) and converted to 
MPa after measuring the bonding area using a digital caliper, according to the formula: 
R = Rupture Force (Kgf) x 9.8/Area (mm2), where R is the bond strength in MPa. 
32 
 
After the enamel microshear strength test, the enamel surface was removed to 
expose the dentin. Silicon carbide sandpaper (SiC), with a # 600 granulation, was used 
to standardize the smear layer. The same protocol was used for the restorative 
procedures in dentin, and dentin microshear testing was performed. After microshear 
test, bond failure mode was classified in percentage, as (1) cohesive in tooth tissue 
(enamel or dentin), (2) adhesive, (3) cohesive in the composite, and (4) mixed using a 
stereomicroscope (MZ75, Leica Microsystems, Heerbrugg, Switzerland) under 100x.  
Statistical Analysis: 
The bond strength microshear data were subjected to ANOVA and Tukey´s test 
(α < 0.05). 
 
RESULTS 
 Table 3 presents the enamel microshear values. ANOVA showed significant 
differences for the factor adhesive system (p<0.001). However, no statistical difference 
was found for the factor exposure to cigarette smoke (p=0.1397), and for the 
interaction between the factors (cigarette smoke x adhesive systems) (p>0.050). 
Among these adhesive systems, CSEB showed higher values and did not differ from 
SBU, but both were statistically different from SB. SBMP showed intermediate values, 
while SB demonstrated the lowest values.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
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Table 3: Means Enamel microshear strength (standard deviation). 
Exposure to 
cigarette smoke 
Adhesive System 
 
Scotchbond 
Multipurpose 
(3M ESPE) 
Single Bond 
2 (3M ESPE) 
Clearfil SE 
Bond 
(Kuraray) 
Single Bond 
Universal 
 (3M ESPE) 
Without 
 
17.55 (2.9) 12.75 (4.56) 19.00 (3.48) 19.09 (3.45) 
With  14.30 (2.55) 11.17 (5.0) 19.23 (4.30) 18.72 (2.7) 
Pooled Data 15.93 (3.13) B 11.97 (4,73) C 
19.12 (3.81) 
A 
18.90 (3.01) 
AB 
No effect of treatment (p = 0.1397).Different letters indicate a significant difference (p ≤ 0.05) between adhesive 
system. 
Table 4 presents the dentin microshear values. There was a significant 
difference between the factors exposure to cigarette smoke (p<0.001) and adhesive 
system (p<0.001) and for the interaction between the factors (p<0.001). For the groups 
without exposure to cigarette smoke, CSEB showed higher values that were 
statistically different from SBMP (lower values). SB and SBU showed intermediary 
values, without a significant difference between them. For the groups with exposure to 
cigarette smoke, SBU showed the highest values, which differed statistically from SB 
and CSEB, which presented the lowest values and did not differ statistically from each 
other. SBMP presented an intermediate value. When exposed to cigarette smoke, 
dentin showed lower values for SB and CSEB, which differed statistically from the 
groups that were not exposure to cigarette smoke.  
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Table 4: Means (Standard deviation) microshear strength in dentin. 
Means (S.D.) Distinct letters (capital case in the row and lowercase in the column) are statistically different (p< 0.05).
Exposure  
to cigarette smoke 
Adhesive System  
 
Scotchbond Multipurpose 
(3M) 
Single Bond 2 
(3M) 
Clearfil SE 
Bond 
(Kuraray) 
Single Bond Universal 
(3M) 
Without 14.60 (3.20) aB 15.24 (4.93) aAB 19.94 (4.45) aA 18.15 (4.49) aAB 
With Smoke 14.17 (5.05) aAB 10.16 (3.80) bB 9.97 (1.90) bB 18.82 (4.40) aA 
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The data obtained in the fracture pattern evaluation were analyzed by 
frequency distribution (Figure 1). The mixed failure was the predominant pattern in 
almost all groups in enamel and dentin, with the exception for CSEB with exposure 
to cigarette smoke, which showed more adhesive failures. 
  
 
 
 
 
 
Figura 1: Percentage of the failures: mixed, adhesive and cohesive failure   
 
DISCUSSION 
In this study, there was no significant difference between the enamel groups 
with or without exposure to cigarette smoke, but there were differences between 
the adhesive systems (Table 3). The adhesion mechanism in enamel basically 
occurs through micromechanical retention from the infiltration of the adhesive 
system into enamel porosities that result from prior conditioning with phosphoric 
acid.13 Based on this finding, it can be supposed that the incorporation of heavy 
metals did not affect the adhesion to enamel. The application of phosphoric acid for 
all groups provided demineralization of enamel, and contaminants may be 
removed from the enamel during this preparation, which could avoid bond 
degradation. 
In relation to the adhesive systems for the enamel surface, CSEB showed 
the highest bond strength results. This agent contains functional monomers which 
can establish chemical interactions between the adhesive and the hydroxyapatite 
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in the dental substrate.14 The commonly used functional monomer in this adhesive 
is the phosphate monomer, 10- methacryloxydecyl dihydrogen phosphate (10-
MDP). The “ AD–Concept” can explain the results for CSEB, where phosphate-
based monomers (like Phenyl-P and 10-MDP, which are part of the acidic primer) 
have a potential for chemical bonding with calcium in hydroxyapatite. Therefore, all 
of the acids interact with the calcium in the hydroxyapatite, forming ionic bonds that 
are stable.14 Moreover, etching of the enamel surface removes the smear layer and 
increases the reactivity of 10-MDP with the calcium from hydroxyapatite, thus 
improving the bond strength.15  
SBU presented intermediate values, without a significance difference from 
the other groups. SBU is a one-step self-etching adhesive; this adhesive category 
presents complex mixtures of hydrophilic and hydrophobic components to produce 
thinner hybrid layers when compared to two step and etch-and-rinse 
adhesives.16,17,18 SBU also contains functional monomers and a “Vitrebond 
copolymer”. Both compounds interact with the calcium from hydroxyapatite.19 
Previous studies20,21 demonstrated that etching the enamel significantly increased 
bond strength values for the one-step multi-mode adhesive, SBU, and the two-step 
self-etching adhesive, CSE.  
SB presented the lowest bonding values to enamel, and SBMP presented 
intermediate values, without any significance differences from SBU. SB is 
classified as a two step etch-and rinse adhesive because the primer (part 
hydrophilic) and bond (part hydrophobic) are in the same bottle22,2 and because the 
solvent is mostly water (enamel contains only 4% water). The infiltration of the two 
step etch-and rinse adhesive system is lower when compared to three step etch-
and rinse adhesives. The three step etch-and rinse adhesives contain hydrophilic 
functional monomers in the primer, which allow for the monomer to permeate into 
the demineralized matrix, while the hydrophobic monomers contained in the 
bonding agent facilitate adhesion of the composite restorative material to the 
conditioned tooth surface.23 Moreover, SB showed problematic solvent 
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evaporation,24 and the presence of the solvent in the adhesive layer decreased the 
degree of conversion,24 and consequently provided a lower bond strength.  
When considering the dentin surface, there was a statistical difference 
between some groups with and without exposure to cigarette smoke, with SB – WS 
and CSEB - WS presenting lower bond strength values when compared to their 
respective smokeless groups (Table 4). It can be suggested that the heavy metal 
contaminants interfered with the chemical interaction between the functional 
monomers 10-MDP and the Ca hydroxyapatite, the main bonding mechanism for 
CSEB – WS. There were no statistical differences between the groups with or 
without exposure to cigarette smoke for the SBU group, which may indicate that 
there are other monomers in addition to 10-MDP, including the “Vitrebond 
copolymer”, which might have the chemically property to interact with the tooth 
structure, since this adhesive demonstrated better results. However, more studies 
are necessary to verify this interaction, because there are no studies in the current 
literature.  
SB also showed lower bond strength for the WS groups. This result was 
expected, that the total etching would remove the mostly heavy metals 
incorporated from cigarette smoke. However, the presence of heavy metals in an 
adhesive with problematic solvent evaporation could inhibit the degree of 
conversion and bond strength of this adhesive.  This mechanism did not occur with 
the three step etch-and rinse adhesives, since the primer adhesive system 
(hydrophilic) and bond (hydrophobic) are in different bottles.22,2 
Only SBU maintained the same bond strength when exposed to cigarette 
smoke when comparing the adhesive systems that showed higher bond strengths 
in dentin without smoke (SB, CSEB and SBU). SBMP presented a lower bond 
strength in dentin without smoke; however, this system also maintained the bond 
strength for the group with smoke exposure. Almeida & Silva and others,9 (2010) 
indicated that contamination by cigarette smoke decreased the bond strength 
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between dentin and composite resin due to the reduced diameter of the particles 
from cigarette smoke, which are capable of being absorbed into the dentin 
hydroxyapatite based on the exposure level,5  reducing the contact between the 
adhesive and dentin, thus reducing the bond strength values.3,5 After acid etching, 
it can be inferred that heavy metals may remain in dentin, even after washing the 
surface, which can damage simplified adhesive systems.   
The null hypothesis of this study was partially accepted; cigarette smoke did 
not affect the adhesion to enamel, but reduced the adhesion to dentin for the SB 
and CSEB adhesive systems. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
CONCLUSION 
The exposure of cigarette smoke influenced the bonding strength of some 
adhesives to dentin, but no changes were observed for enamel. 
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CONCLUSÃO  
A partir dos resultados obtidos, observou-se que a exposição da estrutura 
dental à fumaça de cigarro: 
 Permitiu a incorporação de metais pesados como Chumbo, Cádmio, 
Arsênio e Níquel à estrutura dental (esmalte/dentina). 
 
 Aumentou a microdureza em esmalte, tanto superficialmente quanto sub 
superficialmente, sem promover um efeito protetor no desenvolvimento da 
cárie in vitro. 
 
 Diminuiu a resistência de união adesiva em dentina para SB e CSEB, mas 
não em esmalte. 
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APÊNDICE 
CAPÍTULO 1 
 
Delineamento experimental: 
 Unidades experimentais: 
 40 blocos esmalte/dentina 
 
Fatores em estudo: 
 
 Exposição à fumaça de cigarro em dois níveis: Com Exposição 
                 Sem Exposição 
 Ciclagem de pH em dois níveis: Com Ciclagem 
                  Sem Ciclagem 
Variáveis de resposta: 
 Microdureza superficial e sub–superficial.  
 Análise por Microfluorescência por Rx. 
Divisão dos grupos: 
As amostras foram divididas em 4 grupos, após blocagem através da 
microdureza Knoop superficial em esmalte (n=10), conforme descrito na Tabela 1. 
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Tabela 1: Distribuição dos grupos em estudo. 
Grupos 
Exposição à Fumaça 
de Cigarro 
Ciclagem de pH 
Controle 
 
Não Não 
CS 
 
Sim Não 
PC 
 
Não Sim 
CS-PC 
 
Sim Sim 
 
Metodologia Detalhada: 
Obtenção dos espécimes: 
Os incisivos bovinos foram extraídos e armazenados em solução aquosa de 
timol 0,1% (Dinâmica, Piracicaba, São Paulo, Brasil) e, em seguida, os debris 
foram removidos com lâminas de bisturi e os dentes polidos usando taça de 
borracha de pedra-pomes (SS White LTDA; Rio de Janeiro, RJ, Brasil) e água. 
Após este procedimento, os dentes foram armazenados em água destilada. Foi 
realizada a separação da coroa da porção radicular, com disco de diamante dupla 
face (KG Sorensen, Ind. Com. Ltda, Barueri, SP, Brasil) sob constante irrigação de 
jato de água em micromotor de baixa rotação (Dabi Atlante; Ribeirão Preto, SP, 
Brasil) (Figura 1).  
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Figura 1: Incisivos bovinos utilizados no estudo: (a) dentes selecionados após limpeza e 
desinfecção; (b) porção coronária após a separação da porção radicular. 
Na porção coronária foram realizados cortes nos sentidos mésio-distal e 
inciso-cervical em uma cortadeira metalográfica (Isomet 1000, Buehler, Laike Bluff 
IL, USA), com disco diamantado (4” × 012 × 1⁄2, Buehler, Illinois, USA) para a 
obtenção dos fragmentos com área de superfície de 25 mm2 (fragmentos de 5x5 
mm aproximadamente) e 3 mm de altura, sendo 1 mm de espessura de esmalte 
(Figura 2). 
 
 
 
 
 
 
Figura 2: Obtenção dos blocos de esmalte/dentina: (a) Cortadeira Metalográfica de alta 
precisão; (b) cortes nos sentidos mésio-distal e inciso-cervical com distâncias de 5 mm; (c) bloco 
esmalte/dentina (25 mm
2
). 
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Cada fragmento teve a superfície de esmalte tratada com lixas de carbeto 
de silício (SiC), de granulação #600 e #1200 (Figura 4a) sob irrigação constante, 
utilizando-se uma politriz giratória (AropolE, Arotec, Cotia, SP, Brazil) para 
planificar a superfície (Figura 3a). Por fim, a superfície de esmalte foi polida com 
feltros (TOP, RAM e SUPRA – Arotec, Cotia; SP, Brasil), associados à pastas 
diamantadas metalográficas de granulação decrescente (1, 1⁄4 e 1⁄2 µm), 
juntamente com o lubrificante específico (Arotec, Cotia; SP, Brasil) (Figuras 4b e 
c). Entre cada aplicação de lixa e feltro, e ao final do polimento, as amostras foram 
levadas à cuba de ultrassom (Marconi, Piracicaba, São Paulo, SP, Brasil), durante 
15 minutos, para remoção de debris presentes na superfície de esmalte (Figura 
3b), finalizando, assim, o preparo das amostras que foram utilizadas neste estudo 
(Figura 5). 
 
 
 
 
 
 
Figura 3: (a) Politriz Giratória, utilizada para planificar e polir os blocos dentais; (b) Cuba 
ultrassônica.  
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Figura 4: (a) Lixas abrasivas de Carbeto de silício granulação #600 e #1200; (b) feltros 
para polimento; (c) Pastas diamantadas para polimento.  
 
 
 
 
 
 
 
Figura 5: (a) Blocos esmalte/dentina preparados; (b) Blocos padronizados com espessura 
de esmalte de 1 mm e dentina 2 a 3 mm, e área superficial de 25 mm
2
. 
Exposição à Fumaça de Cigarro: 
Para os grupos G2 e G4 (n=10), utilizou-se a máquina de fumaça 
desenvolvida pelo Departamento de Odontologia Restauradora, Faculdade de 
Odontologia de Piracicaba - 2011 (registrado sob o n º 01810012043 INPI - 
Instituto Nacional da Propriedade Industrial), que permite a impregnação de 
pigmentos e substâncias contidas no cigarro, nos espécimes de estrutura dental e 
materiais restauradores, a fim de reproduzir in vitro as condições da cavidade 
bucal de fumantes. A máquina funciona com a aspiração e condução da fumaça 
através de compartimentos com o objetivo da fumaça circular no ambiente e 
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permitir, assim, a deposição de produtos químicos nos espécimes. O ciclo é 
programado dentro de um intervalo de tempo, que simula aspiração do fumo 
normalmente realizada por um fumante, com duração de 3 segundos. O 
temporizador permite que o ar ambiente seja inalado a cada 10 segundos, 
simulando, assim, a exaustão de fumo e posterior eliminação. Os espécimes 
foram submetidos à fumaça de um pacote de cigarro Marlboro (Philip Morris Brasil 
Ind. e Com. Ltda., Santa Cruz do Sul, RS, Brasil) por dia, em um total de 5 dias 
(Bertoldo et al., 2011). Entre uma simulação e outra, as amostras foram 
armazenadas em saliva artificial a 37oC, sendo que a cada 24 horas as amostras 
foram lavadas com água destilada e re-imersas em nova solução de saliva artificial 
para prevenir a sedimentação (Bertoldo et al., 2011) (Figura 6). Previamente à 
exposição das amostras à fumaça de cigarro, todas foram isoladas com verniz 
ácido resistente (Colorama, São Paulo, Brasil), com exceção da área de esmalte 
polida (Figura 7). 
 
 
 
 
 
 
 
Figura 6: (a) Máquina de Fumaça; (b) Cigarro. 
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Figura 7: (a) Amostras isoladas com verniz ácido resistente, somente superfície de 
esmalte exposta; (b) amostras fixadas no dispositivo; (c) Amostras expostas à fumaça de cigarro. 
 
Ciclagem de pH: 
As amostras dos Grupos G3 e G4 foram submetidas à ciclagem de pH por 8 
dias, simulando, assim, um desafio cariogênico, conforme descrito por Moi et al. 
(2008). O ciclo consiste na imersão das amostras em uma solução 
desmineralizante, por 4 horas e em seguida, imersas em solução remineralizante, 
por 20 horas. As amostras foram previamente isoladas com verniz ácido resistente 
(Colorama, São Paulo, Brasil) e, em seguida, foram individualmente imersas em 
75 mL (3 mL/mm2) de solução desmineralizante a 37oC (0,1 M acetato buffer ; 1,28 
mM Ca, 0,74 mM Pi e 0,03 μgF/mL (pH = 5,0) (Queiroz et. al., 2008). Após 4 h, as 
amostras foram retiradas e lavadas com água deionizada por 30 segundos e 
secas com papel absorvente. As amostras foram individualmente imersas em 37,5 
mL (1,5 mL/mm2)  de solução remineralizadora a 37oC [1,5 mM Ca, 0,9 mM Pi, 
(a) (b) 
(c) 
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150 mM KCL, 0,05 µg F/mL, 0,1M Tris buffer (pH = 7,0)] (Queiroz et. al., 2008) 
(Figura 8). 
 
 
 
 
 
 
 
 
Figura 8: (a) Amostras isoladas com verniz ácido resistente, somente superfície de 
esmalte exposta; (b) Amostras em ciclagem de pH; (c) Lavagem das amostras com água destilada 
abundante; (d) Dispositivo para ciclagem de pH. 
Previamente aos ensaios, as amostras foram seccionadas na porção 
central com disco diamantado acoplado em cortadeira de precisão, obtendo-se, 
dessa forma, dois blocos dentais. Sendo que um bloco foi submetido à análise por 
Microfluorescência de Rx e outro à análise de dureza superficial e sub-superficial 
(Figura 9). 
 
 
 
 
 
(a) (b) 
(c) (d) 
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Figura 9: Representação da distribuição dos espécimes. E: esmalte; D: dentina (a) 
Microfluorescência por Rx; (b) microdureza superficial e sub-superficial. 
Análise de dureza superficial e sub-superficial da estrutura dental: 
Os ensaios de microdureza foram realizados para todos os grupos para a 
avaliação da desmineralização ocasionada. Para os ensaios de microdureza 
superficial as amostras foram fixadas em discos de acrílico com cera pegajosa, 
sendo que a superfície de esmalte do espécime permaneceria paralela à base do 
acrílico. A microdureza de superfície foi obtida por meio da média aritmética de 5 
indentações na região central do espécime com microdurômetro (Shimadzu HMV -
2000, Tóquio, Japão) e penetrador Knoop, utilizando-se carga de 50 gramas, 
durante 5 segundos, com 100 micrômetros de distância entre elas (Figura 10a). 
Para o teste de microdureza em profundidade as amostras foram 
seccionadas ao meio utilizando-se cortadeira metalográfica de alta precisão, e 
embutida sob pressão controlada em resina termoplástica (Arotec Pré 30, Cotia; 
SP, Brasil). A superfície estudada foi tratada com lixas de carbeto de silício (SiC), 
de granulação #600 e #1200 sob irrigação constante, utilizando politriz (Maxigrind) 
giratória para planificar a superfície e feltros (TOP, RAM e SUPRA – Arotec, Cotia; 
SP, Brasil), associados a pastas diamantadas metalográficas de granulação 
Microfluorescência 
por Rx 
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decrescente (1, 1⁄4, 1⁄2 μm), juntamente com o lubrificante específico (Arotec, 
Cotia; SP, Brasil). Entre cada aplicação de lixa e feltro e ao final do polimento, as 
amostras foram levadas à cuba de ultrassom (Marconi, Piracicaba, SP, Brasil), 
durante 15 minutos, para remoção de debris presentes na superfície de esmalte e 
dentina. A análise de microdureza da sub superfície, em esmalte, foi realizada nas 
profundidades: 10, 20, 40, 60, 80, 100, 120, 140, 160, 180 e 200 μm. Em cada 
uma das profundidades foram realizadas 3 indentações com carga de 50 gramas, 
durante 5 segundos, com 100 micrômetros de distância entre elas. A microdureza 
final para cada profundidade foi a media aritmética das 3 indentações (Figura 
10b). 
 
 
 
 
 
 
 
Figura 10: Microdureza superficial e sub - superficial (a)Superfície de esmalte – 
Microdureza superficial; (b) Bloco dental seccionado ao meio para análise de dureza sub – 
superficial em esmalte. 
Análise de Microfluorescência por Rx: 
As análises de Microfluorescência por Rx foram realizadas no Laboratório 
Nacional de Luz Síncrotron (Campinas-Brasil) sob pressão atmosférica e 
temperatura ambiente. A configuração experimental desenvolvida para os 
experimentos μ-XRF inclui: a origem (anel de armazenamento), que prevê um 
intenso feixe de Raios – X Brancos (policromáticos) com energia de 16 KeV, cujo 
fluxo de fótons está na faixa de 3.9x1010 para 2.31x1011 fótons / segundo, e um 
(a) (b) 
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sistema de micro foco baseado em: um suporte com movimentos de rotação e 
translação da amostra formado por três motores (x, y, z) com a finalidade de 
focalizar o feixe de raio X da fonte Síncrotron na amostra; uma câmara que pode 
ser evacuada que visa a atenuação dos raios-X fluorescentes suprime a radiação 
dispersa pelo ar, dois espelhos planos não elípticos [Kirkpatrick-Baez (KB)], um 
microscópio e um Detector de Transmissão de Energia Dispersiva de Rx a base 
de  Si (Li) que contém adicionalmente um filtro de Alumínio a fim de reduzir a 
fluorescência abundante dos elementos constituintes da matriz (neste caso, de 
cálcio). O micro feixe elíptico obtido tinha as seguintes dimensões: 18 mm (eixo 
maior) e 9 mm (eixo menor), permitindo se concentrar na posição da amostra, com 
uma distância de trabalho de cerca de 0,1 m (Pérez, et al., 1999; Janssens, et al., 
2000). 
As análises de μ-XRF foram realizadas com a finalidade de determinar a 
composição das amostras, além de verificar a presença dos elementos Chumbo 
(Pb), Níquel (Ni), Cádmio (Cd), e Arsênio (As), provenientes da exposição das 
amostras à fumaça de cigarro. O tempo de análise a fim de se obter o 
mapeamento 2-D (mapa de varredura em “zig-zag”) das amostras foi entre 3 e 6 
horas. Os mapas em 2-D (análise qualitativa) foram construídos pelo programa 
PyMca 4.7. O número de pontos (espectros) por mapa foi entre 3000-4000. As 
análises semi-quantitativas também foram executadas pelo programa PyMca 4.7 
usando o método de Parâmetros Fundamental. 
A montagem experimental para as análises de Microfluorescência por Rx 
(μ-XRF) está demonstrada na Figura 11. 
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Figura 11: Microfluorescência por Rx (a) amostra esmalte dentina: 1mm
3
; (b) Amostra 
exposta ao feixe emissor de radiação. 
 
Fluorescência por Rx (FRX)  
As análises de Fluorescência por Rx foram realizadas utilizando - se o 
espectrômetro MiniPal de 4.0 PANalytical EDXRF localizado na Central Analítica 
do Instituto de Química de São Carlos - Universidade de São Paulo (IQSC-USP), 
em atmosfera de hélio e temperatura ambiente, com tempo de análise de 420 
segundos, procedimento de análise baseado pelo software Omniam nos 
Parâmetros Fundamentais.  
As medições por FRX foram realizadas a fim de corrigir as concentrações 
obtidas na análise por μ-XRF para cádmio e níquel porque os filtros de alumínio, 
utilizados no LNLS a fim de minimizar a fluorescência da matriz (Cálcio), afetaram 
a concentração determinada para estes elementos. 
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CAPÍTULO 2 
 
Delineamento experimental: 
Unidades experimentais: 
 80 blocos dentais (esmalte/dentina) 
Fatores em estudo: 
 Exposição à fumaça de cigarro em dois níveis: Com Exposição 
                  Sem Exposição 
 Sistemas Adesivos: Scotchbond Multi – Purpose (3M ESPE) 
 Single Bond 2 (3M ESPE) 
 Clearfil SE Bond (Kuraray) 
 Single Bond Universal (3M ESPE) 
Variáveis de resposta: 
 Microcisalhamento em Esmalte.  
 Microcisalhamento em Dentina. 
 Análise do Padrão de Fratura. 
Divisão dos grupos: 
As amostras foram divididas em 8 grupos, conforme descrito na Tabela 1 
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Tabela 1: Distribuição dos grupos em estudo. 
Blocos  
Esmalte / Dentina 
Sistema Adesivo 
Exposição à 
Fumaça de 
Cigarro 
SBMP (n=10) 
Scotchbond™ Multi-Uso 
(3M ESPE) 
Não 
SB (n=10) 
Single Bond 2 
(3M ESPE) 
Não 
CSEB (n=10) 
Clearfil SE Bond  
(Kuraray) 
Não 
SBU (n=10) 
Single Bond Universal  
(3M ESPE) 
Não 
SBMP - CF (n=10) 
Scotchbond™ Multi-Uso 
(3M ESPE) 
Sim 
SB - CF (n=10) 
Single Bond 2 
(3M ESPE) 
Sim 
CSEB - CF (n=10) 
Clearfil SE Bond  
(Kuraray) 
Sim 
SBU – CF (n=10) 
Single Bond Universal  
(3M ESPE) 
Sim 
 
 
61 
 
Metodologia Detalhada: 
Utilizou-se nesse estudo um total de 80 blocos dentais obtidos a partir de 
incisivos bovinos hígidos recém-extraídos. As amostras foram obtidas e 
submetidas à exposição à fumaça de cigarro de forma igual ao descrito no 
Capítulo 1. 
Foram avaliados 4 tipos de sistemas adesivos, sendo um sistema adesivo 
convencional de 3 passos [Scotchbond™ Multi-Uso (3M ESPE)], um de 2 passos 
[Single Bond 2 (3M ESPE)]; um sistema autocondicionante de 2 passos [Clearfil 
SE Bond (Kuraray)] e um de passo único [Single Bond Universal (3M ESPE)] 
(Figura 1). Estes foram aplicados à estrutura dental de acordo com as 
recomendações dos fabricantes (Tabela 2) e, posteriormente, os blocos de 
esmalte/dentina receberam uma restauração de resina flow [Filtek Z250 (3M 
ESPE)] confeccionada através de uma matriz de macarrão perfurado (Furadinho 
6, Pastifício Santa Amália) com 1 mm de altura e 1,15 mm de diâmetro interno 
(Figuras 2 e 3). 
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Figura 1: Sistemas Adesivos; (a) Scotchbond Multi – Uso (3M ESPE); (b) Single Bond 2 
(3M ESPE); (c) Clearfil SE Bond (Kuraray); (d) Single Bond Universal (3M ESPE). 
 
 
 
 
 
 
 
 
 
 
Figura 2: Matriz de macarrão perfurado (Furadinho 6, Pastifício Santa Amália, Brasil) com 
1 mm de espessura. 
 
 
 
 
(a) (b) 
(d) (c) 
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Figura 3: (a) Bloco esmalte/dentina; (b) Perfuração papel Contact; (c) delimitação da área de 
adesão; (d) Condicionamento ácido em esmalte por 30 segundos; (e) Lavagem com água abundante por 15 
segundos; (f) Esmalte: secagem com jato de ar; Dentina: algodão umedecido; (g) Aplicação do sistema 
adesivo segundo o fabricante; (h) Posicionamento da matriz de macarrão; (i) Fotoativação do sistema adesivo; 
(j) Inserção da resina flow dentro da área delimitada; (k) Após remoção dos excessos com sonda exploradora; 
(l) Fotoativação da resina flow por 20 s; (m) Imersão em água para o desprendimento da matriz de macarrão 
(2 a 3 horas); (n) Matriz de macarrão após imersão em água; (o) Remoção da matriz de macarrão com sonda 
exploradora; (p) Remoção do Contact com lâmina de bisturi; (q) Bloco restaurado. 
(a) (b) (c) (f) (d) (e) (f) (a (b (c
(d (e (f) 
(g (h (i) 
(j) (k (l) 
(m) (n (o
(p (q
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A fotoativação dos corpos de prova foi realizada com a fonte LED de 
terceira geração Valo (Ultradent) no modo High Power, que apresenta irradiância 
de 1400 mW/cm2 durante 20 s (Figura 4). 
 
 
 
 
 
 
 
 
 
Figura 4: Fonte LED de Terceira geração Valo (Ultradent). 
 
 
 
 
 
 
 
 
 
 
 
 
65 
 
Tabela 2: Instruções de uso do sistema adesivo de acordo com as 
recomendações dos fabricantes.  
Sistema Adesivo Instruções dos Fabricantes 
Scotchbond™ Multi-Purpose 
(3M ESPE) 
Aplicação de ácido fosfórico a 35% (3M ESPE) por 30 s na 
superfície do esmalte e 15 s na superfície de dentina. 
Lavagem da superfície pelo mesmo tempo do 
condicionamento. Secagem da superfície com bolinha de 
algodão umedecida. Aplicação do primer em esmalte e 
dentina e secagem com leve jato de ar por 5 s. Aplicação 
do adesivo e secagem com leve jato de ar por 5 s. 
Fotoativação do sistema por 10 s. 
Single Bond 2 
(3M ESPE) 
Aplicação do ácido fosfórico a 35% (3M ESPE) por 30 s na 
superfície do esmalte e 15 s na superfície de dentina. 
Lavagem da superfície por 10 s e secagem com papel 
absorvente. Aplicação de duas camadas do adesivo. 
Secagem da superfície com leve jato de ar por 5 s e 
fotoativação do sistema por 10 s. 
Clearfil SE Bond 
(Kuraray) 
Aplicação do primer por 20 s. Secagem com leve jato de 
ar. Aplicação do bond, secagem com leve jato de ar e 
fotoativação por 10 s. Condicionamento ácido prévio na 
superfície de esmalte com ácido fosfórico a 37%, 
previamente à aplicação do sistema adesivo. 
Single Bond Universal 
(3M ESPE) – self-etching method 
Aplicação do adesivo por 20 s, seguido de leve jato de ar 
por 5 s e fotoativação por 10 s. Condicionamento ácido 
prévio na superfície de esmalte com ácido fosfórico a 37%, 
previamente à aplicação do sistema adesivo. 
 
Previamente ao processo restaurador 10 amostras de cada sistema adesivo 
foram expostas à fumaça de cigarro utilizando o protocolo descrito no Capítulo 1. 
 O ensaio de microcisalhamento foi realizado em máquina de ensaio 
universal EMIC (Shimadzu Corporation, Tóquio, Japão) à velocidade de 0,5 
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mm/minuto. Os corpos de prova foram fixados ao mordente inferior da máquina de 
ensaio universal.  Para isso, cada corpo de prova foi alojado horizontalmente 
numa luva metálica. No mordente superior foi fixada a extremidade do dispositivo 
utilizado para o carregamento de tração contendo fio ortodôntico de 0,3 mm de 
diâmetro por 5 cm de comprimento, formando uma alça que envolveu o corpo de 
resina aderido à superfície do esmalte, para realizar o esforço de cisalhamento, 
resultando no microcisalhamento. 
 Após esta etapa, o esmalte dental foi removido por desgaste com lixas de 
carbeto de silício com granulação #600 acopladas em politriz mecânica (Maxi 
Grind Solotest, São Paulo, SP, Brasil), até que houvesse exposição da junção 
amelo-dentinária. A planificação da superfície de dentina e a formação da lama 
dentinária foram realizadas com lixas de carbeto de silício (Carburundum, Saint – 
Gobain Abrasivos LTDA, Guarulhos, SP, Brasil), com granulação #600 acoplada 
em politriz mecânica (Maxi Grind Solotest, São Paulo, SP, Brasil). As etapas de 
aplicação dos sistemas adesivos e o procedimento restaurador foram realizados 
conforme descrito na Figura 3. 
A resistência ao microcisalhamento, em Mega Pascal (MPa), foi calculada 
após a mensuração da área adesiva com um paquímetro digital, de acordo com a 
fórmula: 
R = Força (Kgf) x 9,8/Área (mm2). Onde R é igual à Força em MPa. 
